Purpose There is increasing evidence that disease and therapy-related symptoms frequently co-occur in so-called symptom clusters (SCs), which may significantly impair quality of life in patients with cancer. Although psychosocial resources may play pivotal roles in maintaining or improving quality of life, they have been neglected in SC research. Therefore, we aim to identify SCs and their relative impact on quality of life when psychosocial resources are accounted for. Methods Patients with cancer (n = 304) undergoing chemotherapy or chemo-radiation therapy participated in a cross-sectional survey consisting of measures assessing symptoms, quality of life, resilience, treatment-specific optimism (TSO), and social support. Exploratory factor analyses and multiple regression analyses were used to identify SCs and significant explanatory variables of overall quality of life. Results Fatigue-pain, anxiety-depression, cancer therapy-related toxicity, and nausea-vomiting clusters were identified. In our final model, the fatigue-pain cluster (β = − 0.41, p < 0.001), nausea-vomiting cluster (β = − 0.28, p < 0.001), TSO (β = 0.21, p < 0.001), and receiving chemo-radiation treatment (β = − 0.11, p = 0.03) accounted for 44% of variance in overall quality of life. However, the identified SCs explained quality of life in patients with varying levels of TSO to a different extent. Conclusions Our findings indicate that the TSO of patients may be a major factor to consider in managing SCs, becausedepending on its level-different SCs and even clusters encompassing comparatively less distressing symptoms (i.e., cancer therapy-related toxicities) may strongly affect quality of life.
Introduction
Despite steady advances in cancer research and increasingly effective treatment options available to patients, cancer treatment is still associated with various undesirable side effects and symptoms [1, 2] , which may result in significant distress, functional impairment, and reduced quality of life [3] . Although most clinical studies in symptom research focus primarily on individual symptoms, the isolated occurrence of symptoms in patients with advanced cancer is rather seldom observed in practice [1] . Indeed, there is increasing evidence that symptoms in patients with cancer occur frequently, in a non-random distribution, in groups or so-called symptom clusters [4] [5] [6] . A symptom cluster (SC) is defined as two or more interrelated symptoms that occur concurrently and may or may not share the same etiology [7] . For example, nauseavomiting and anxiety-depression SCs are commonly identified in cancer research [5] , calling for thorough assessment of co-occurring symptoms and coordinated symptom management strategies to prevent negative outcomes such as poor quality of life [8] .
However, critical patient-reported outcomes such as quality of life by far depend not only on symptoms but also on several psychosocial resources that have been consistently linked with quality of life. In cancer patients, the capacity for resiliencedefined as a dynamic process of adaptation to adversity associated with the diagnosis and disease as well as treatmentrelated physical and psychosocial symptoms [9] -was reported to be a factor associated with less anxiety [10, 11] and depression [10] [11] [12] [13] as well as a higher physical activity level [14] and, ultimately, a better quality of life [11, 15] . Social support (emotional, informational, and instrumental assistance by others) is another critical concept to be considered, both contributing to resilience and helping patients maintain an acceptable level of quality of life by itself [16] . Social support has been extensively investigated for its association with positive health outcomes in general [17] and in patients with cancer [18] , when it predicted symptoms such as pain and depression [19] and was associated with better health-related quality of life [20] . Similarly, optimism contributes to resilience [9] and links among an optimistic disposition, well-being, and health behavior are well documented in the literature [21] . Treatment-specific optimism (i.e., optimistic expectations concerning the current treatment) may enable patients with cancer to cope more effectively with their experiences and has been shown to be associated with better mental health outcomes [22, 23] and better quality of life [22, 24] . Correspondingly, accounting for psychosocial resources in SC research might offer new insights and potential pathways for symptom management interventions aimed at maintaining or improving quality of life in cancer patients.
However, to our knowledge, the relative impact of SCs and psychosocial resources, particularly resilience and treatmentspecific optimism (TSO), on quality of life in cancer patients undergoing treatment has not been studied yet. Therefore, we identified SCs and investigated which of these clusters explain most of the variation in quality of life in patients with cancer undergoing treatment, while accounting for the patients' psychosocial resources.
Methods

Study design, sample, and setting
This study is based on data from a cross-sectional quantitative survey in several day care units and inpatient departments treating patients with cancer at a large university medical center in Vienna (Austria). Over a 2week period in May 2014, study participation was offered to all adult (≥ 18 years) inpatients and day care unit patients diagnosed with cancer undergoing chemotherapy, radiotherapy, or chemo-radiation therapy who were judged to be mentally and physically able to participate in the study by their medical or nursing staff (convenience sample). The ethics commission of the Medical University of Vienna reviewed and approved the study protocol (no. 1223/2014). Participation was strictly voluntary. Each patient was informed about the study aims and procedures orally and in writing before informed consent was obtained.
Instruments
Quality of life was assessed using the author-approved German translation of the Rotterdam Symptom Checklist (RSCL). The 39-item questionnaire measures four domains: physical symptom distress, psychological distress, activity level, and overall quality of life. Symptom items are rated on a 4-point scale, but overall quality of life is rated on a 7-point scale. Higher values indicate greater distress and better quality of life, respectively. Psychometric properties of the German translation of the RSCL are adequate, and internal consistency of the physical and psychological distress scales (Cronbach's α = 0.85) is high [25] .
Resilience was measured using the author-approved German translation of the 10-item Connor-Davidson Resilience Scale (CD-RISC 10). It is a generic, unidimensional scale reflecting the ability to bounce back from a variety of challenges arising in life (i.e., stress coping ability), such as illness, emotional pressure, and painful feelings. Items are rated on a 5-point scale and are summated to obtain a score ranging from 0 to 40, with higher scores reflecting greater resilience [26, 27] . Psychometric properties of the German translation of the scale are acceptable, and internal consistency (Cronbach's α = 0.84) is high [28] .
Perceived adequacy of social support from family, friends, and significant others was assessed using the 12-item Multidimensional Scale of Perceived Social Support (MSPSS) [29] . We transformed the original 7-point scale to a 5-point rating scale to provide a consistent response format throughout the questionnaire. Correspondingly, cumulative scores ranged from 12 to 60, with higher scores indicating higher perceived adequacy of social support. Construct validity and internal consistency (Cronbach's α = 0.88) of the original scale are adequate [29] , and internal consistency of our adapted German translation was slightly higher (Cronbach's α = 0.91) in this study.
Treatment-specific optimism (TSO) was assessed using a 10-item scale originally adapted by Cohen and colleagues for use in clinical cancer trials. Items relate to positive outcome expectancies (e.g., Bthe treatment will cure me^), optimistic bias (e.g., Bhaving better success on treatment than other patients^), and confident emotions (e.g., Bfeeling confident about the treatment^) and are rated on a 5-point scale. Item scores are summated to obtain a total score ranging from 10 to 50, with higher scores indicating greater optimism regarding the treatment received. Internal consistency of the original scale (Cronbach's α = 0.78) [23] and our German translation (Cronbach's α = 0.79) is similarly adequate.
Because no translations were available, the MSPSS and TSO were translated into German (forward and backward) and culturally adapted, following the guidelines of the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) for the present study [30] .
Statistical analysis
All survey data were managed and analyzed with SPSS version 22.0 (IBM Corp., Armonk, NY) using descriptive statistics. Differences in group means were examined using oneway ANOVAs with subsequent Games-Howell post hoc tests. Associations between psychosocial variables and overall quality of life were examined using Spearman's rank correlation. Missing values were tested with Little's missing completely at random test. Data missing at random was not imputed (available case analysis), considering the relatively large sample size. P values < 0.05 were considered significant and p values < 0.001 as highly significant. Data were checked for normality by using the Kolmogorov-Smirnov test, and subsequent analysis was conducted accordingly.
Identification of symptom clusters
We conducted exploratory factor analyses (EFA) of the 30 symptom-specific variables in the RSCL. To identify SCs potentially sharing underlying biopsychosocial mechanisms, we used principal axis factoring. Because clusters were expected to have non-zero correlations with one another, the oblique rotation method oblimin was employed in these analyses [31] . The number of extracted factors was estimated based on the scree plot and parallel analysis of eigenvalues. Crossloadings of symptoms on factors (> 0.32) were expected [32] and permitted. The best factor model was determined by the following criteria: (1) at least three variables loading (≥ ± 0.40) on each factor, (2) acceptable internal consistency (Cronbach's α ≥ 0.7) of factors, and (3) clinical and theoretical plausibility of factors (symptoms likely to co-occur and to represent distinct symptom clusters). Factorability, i.e., antiimage correlations, the Kaiser-Meyer-Olkin (KMO) criterion (> 0.5), and Bartlett's test of sphericity, was also considered. Analysis for each factor model was conducted in a stepwise fashion, in which variables not loading (pattern coefficient < 0.32) on any factors and variables not sufficiently correlated (structure coefficient < 0.4, i.e., at least 16% of symptom variance explained) with their respective factor(s) [33] were gradually removed in each model.
Symptom clusters and psychosocial resources as explanatory variables of overall quality of life
For further analysis, we operationalized SCs as the mean of the summated symptom scores for each identified SC. Explanatory variables of overall quality of life (RSCL, dependent variable) were identified with stepwise backward multiple regression analyses, using the SCs and psychosocial resources as well as age, (dummy coded) variables for gender, education, household income, disease status, and treatment modality as independent variables. For all regression analyses, variables remaining in the final models were considered significant explanatory variables of overall quality of life.
Results
Three hundred four patients provided data for this analysis. Clinical and sociodemographic variables of the sample are summarized in Table 1 . The patients ranged in age from 18 to 88 years (M = 57.4). The majority of study participants were female (59%), either married or living with a partner (67%), educated beyond compulsory education (90%), and undergoing chemotherapy without concurrent radiation (75%) for an advanced (invasive, recurrent, or metastatic tumor) cancer (71.2%).
Identification of symptom clusters
We ultimately extracted four factors from our data according to the criteria previously mentioned. Individual scores (mean, median, standard deviation, and response categories) for the symptoms constituting the extracted SCs are given in Table 2 , with tiredness being rated as the most distressing symptom. One variable (depressed mood) loaded almost equally (with reversed signs) on two factors, but was retained for conceptual reasons and low resulting collinearity. All factor loadings are shown in Table 3 .
Factor 1 is interpreted as the fatigue-pain cluster. The variables Btiredness^(0.63) and Black of energy^(0.63) had the highest loadings on this factor, followed by Blow back pain( 0.59) and Bsore muscles^(0.51). The variables Bshortness of breath^(0.47) and Bdepressed mood^(0.43) had lower loadings. Factor 2 is interpreted as the anxiety and depression cluster, which corresponds to the psychological distress scale of the RSCL. The variables Bdespairing about the future^(− 0.79), Banxiety^(− 0.79), and Bworrying^(− 0.79) loaded equally high on this factor, followed by Bnervousness^(− 0.71) and Btension^(− 0.68). Lower factor loadings were obtained for Bdepressed mood^(− 0.4) and Birritability^(− 0.37). Of note, variable Bdepressed mood^was retained in the model despite loading on both factor 1 and factor 2 (see BDiscussion^). Factor 3 is interpreted as the nausea and vomiting cluster. The variables Bnausea^(− 0.8) and Bvomiting^(− 0.71) had the highest loadings on this factor, followed by Black of appetite^(− 0.58). Factor 4 was interpreted as the cancer therapy-related toxicity cluster. The variables Bsore mouth/pain when swallowing^(0.56), Btingling hands or feet^(0.48), Bloss of hair^(0.44), and Bburning/sore eyes^(0.43) had the highest loadings on this factor, followed by Bdifficulty concentrating^(0.38) and Bdry mouth^(0.37).
Internal consistency of factor 1 (Cronbach's α = 0.8) and factor 2 (Cronbach's α = 0.87) was high, whereas it was acceptable for factor 3 (Cronbach's α = 0.73) and factor 4 (Cronbach's α = 0.68). Of note, neither removing the crossloading variable Bdepressed mood^nor removing any variables from factor 4 (with the lowest Cronbach's α) increased the internal consistency of the respective factors.
Symptom clusters and psychosocial resources as explanatory variables of overall quality of life
Significant positive correlations between quality of life and TSO (r = 0.33, p < 0.001) as well as resilience (r = 0.27, p < 0.001) were observed, but not between quality of life and social support (M = 54.69, SD = 6.96; p > 0.05), which was therefore removed from our regression models. Explanatory variables of overall quality of life (M = 4.92, SD = 1.38) were identified with multiple regression analysis using the identified SCs, TSO (M = 28.98, SD = 6.24), and resilience (M = 29.45, SD = 7.07) as independent variables while controlling for age, gender, education, household income, disease status, and treatment modality.
In the final model (R 2 = 0.44, F (4,220) = 42,86, p < 0.001), the fatigue-pain cluster (β = − 0.41, p < 0.001), nauseavomiting cluster (β = − 0.28, p < 0.001), TSO (β = 0.21, p < 0.001), and receiving chemo-radiation treatment (β = − 0.11, p = 0.03) were retained as significant explanatory variables of overall quality of life ( Fig. 1 ).
Symptom clusters as explanatory variables of overall quality of life in patients with low/medium/high treatment-specific optimism
Because TSO was the only psychosocial variable to remain significant in our final model, we conducted separate analyses to investigate this relationship further. For this purpose, we divided our sample into three subgroups of patients scoring low (< 26), medium (26) (27) (28) (29) (30) (31) (32) , and high (≥ 33) on TSO (tertiles). Significant differences in quality of life by TSO were determined by a one-way ANOVA (F(2,291) = 21.17, p < 0.001). A Games-Howell post hoc test showed that patients scoring high on TSO reported significantly higher quality of life (M = 5.56, SD = 1.14) than patients with either low (M = 4.41, SD = 1.38, p < 0.001) or medium TSO (M = 4.7, SD = 1.36, p < 0.001). No significant difference in quality of life (p > 0.05) between the low-TSO and medium-TSO groups was found.
For all three subgroups, explanatory variables of overall quality of life were identified with multiple regression analyses as previously described (Fig. 2) . For patients scoring low on TSO, the nausea-vomiting cluster (β = − 0.44, p = 0.000), the anxiety-depression cluster (β = − 0.31, p = 0.007), and receiving chemo-radiation treatment (β = − 0.25, p = 0.03) were retained as significant explanatory variables of overall quality of life in the final model (R 2 = 0.31, F(3,57) = 8.34, p < 0.001). For patients with medium TSO (R 2 = 0.36, F(2,78) = 21.57, p < 0.001), the anxiety-depression cluster (β = − 0.4, p < 0.001) and nausea-vomiting cluster (β = − 0.32, p < 0.001) were retained as significant explanatory variables of overall quality of life. For patients scoring high on TSO, the fatigue-pain cluster (β = − 0.46, p < 0.001) and cancer therapy-related toxicity cluster (β = − 0.31, p = 0.006) were retained as significant explanatory variables of quality of life (R 2 = 0.49, F(2,76) = 37.12, p < 0.001).
Of note, significant differences in intensity of symptom clusters (symptom distress) by TSO were found for the fatigue-pain (F(2,264) = 6.34, p = 0.002), anxiety-depression (F(2,256) = 19.05, p < 0.001), and nausea-vomiting clusters (F(2,281) = 6.56, p = 0.002), but not for the cancer therapyrelated toxicity cluster (p > 0.05). A Games-Howell post hoc test showed that patients scoring high on TSO were significantly less distressed by the fatigue-pain cluster (M = 1.89, SD = 0.64) than patients in the medium (M = 2.12, SD = 0.62, p = 0.029) and low (M = 2.21, SD = 0.56, p = 0.002) TSO groups. The same is true when comparing the anxiety- 
Discussion
The present study identified four distinct symptom clusters in a heterogeneous sample of cancer patients undergoing chemotherapy and/or radiotherapy. These are, in order of descending average symptom distress, the following: fatigue-pain, anxiety-depression, cancer therapy-related toxicity, and nauseavomiting clusters. These clusters conform to findings of recent international studies, which frequently report SCs of identical or very similar composition [34] , except for the cancer therapy-related SC. However, because composition of these clusters may vary by factors such as diagnoses and treatment modalities [8] , distinct but varying sets of specific treatmentrelated SCs are to be expected rather than consistent therapyrelated SCs across study populations.
We found the variable Bdepressed mood^to load almost equally on both the fatigue-pain and anxiety-depression clusters. Cross-loading items are potentially problematic when identifying symptom clusters; per definition, clusters should be rather independent from each other. However, we did not remove the cross-loading variable because the cross-loading can be meaningfully explained. On the one hand, the German translation of Bdepressed mood^(BNiedergeschlagenheit^) might carry both a physical (as in being the result of feeling exhausted) and psychological connotation (as in feeling depressed) for some patients, although the latter interpretation will be more common. On the other hand, the experience of fatigue is not limited to physical sensations. Rather, affective manifestations of fatigue are also to be expected, including feelings of sadness and anxiety [35] , which are consequently also assessed in multidimensional fatigue scales [36, 37] . Apart from overlapping symptom experiences, it is equally plausible that depression and fatigue occur separately and simultaneously, while being associated with each other [38, 39] . In each case, we found it highly warranted to retain the Bdepressed mood^item in two symptom clusters.
In our total sample, overall quality of life was significantly explained by the fatigue-pain cluster, nausea-vomiting cluster, and TSO, as well as receiving concomitant chemoradiotherapy. Both SCs were previously shown to impair quality of life significantly in larger samples of patients with cancer; however, an emotional SC (including depression) was found to be the strongest predictor of quality of life [40] . This is-to some degree-in contrast with our findings, because we found that by accounting for TSO, the anxiety-depression cluster no longer significantly explained quality of life. Thus, treatmentrelated expectations may in fact strongly influence quality of life ratings, even slightly more so than the treatment modality received by the patients itself. Yet, being treated with concurrent chemotherapy and radiotherapy remained a significant explanatory variable of quality of life in our total sample.
This indicates that additional burden may accompany more intensive treatment modalities [41] . We found higher TSO and resilience were both associated with better overall quality of life, which is in line with previous research on both TSO [22, 24] and resilience [11, 15] in patients with cancer undergoing treatment and cancer survivors. We can report neither a significant association of social support and quality of life nor a quadratic effect (i.e., no additional benefits for the patient past a threshold level of social support). Yet, only TSO remained in our final regression model, indicating that resilience may explain comparatively less variation in quality of life when TSO is accounted for. We mainly attribute this to differences in the operationalization of both concepts. Resilience was assessed as Bstress coping ability^ [27] without referring to any specific context, whereas items measuring TSO explicitly refer to the patient's expected treatment experiences. For example, patients may perceive their resilience to be high in general but may not be equally confident to cope well with their current treatment.
In addition, we found that SCs significantly explained quality of life in patients with varying levels of TSO to a different extent. Treatment modality may most strongly affect quality of life ratings in patients with comparatively pessimistic treatment-related expectations while otherwise explaining less variation in quality of life. Similarly, nausea-vomiting and anxiety-depression clusters are comparatively not only rated as more distressing by patients with low to medium levels of TSO, they also explain quality of life ratings in these patient groups better than in patients with highly optimistic expectations toward their treatment. In contrast, fatigue-pain and cancer therapy-related SCs may particularly affect quality of life in patients with highly optimistic expectations toward their treatment. This is observed although these patients are, in comparison with their less optimistic counterparts, equally bothered by cancer therapy-related toxicities and even less bothered by the fatigue-pain cluster.
Limitations
We acknowledge several limitations of this study. Due to the cross-sectional nature of this study, we could not establish causality between the variables we investigated, and although we controlled for disease-and treatment-specific variables in our analyses, specific subgroups of patients may naturally experience different SCs. However, the question remains open of whether SCs should be evaluated in homogeneous or heterogeneous samples [42] . Furthermore, although we used factor analysis and specific criteria delineated in the BMethodsŝ ection to identify SCs in our sample, we do acknowledge the value of different conceptual and methodological approaches in SC research [43] .
Conclusions
Symptom management aimed at maintaining or improving quality of life in patients with cancer requires comprehensive and carefully coordinated assessment and management strategies, because symptoms frequently co-occur in SCs. Our findings indicate that the TSO of patients may be a major factor to consider in achieving this goal, because-depending on its level-different SCs and even clusters encompassing symptoms that are comparatively rated as least distressing (i.e., cancer therapy-related toxicities) may strongly affect quality of life. Thus, being aware of treatment expectations might facilitate the interpretation of symptom distress assessments and should be accounted for in symptom management and patient counseling alongside other important psychosocial resources such as resilience. Although longitudinal studies are required to establish these findings, they may illustrate an important mechanism affecting quality of life in patients with cancer undergoing treatment that may also be partially (confidence to manage side effects and overly negative expectations) amenable to interventions.
